**Core tip:** We report fundamental knowledge about the direct interaction of RNA stabilizing protein human antigen R (HuR) and inhibitor of apoptosis proteins (IAP1, IAP2). Results suggest that upregulation of IAP1 in pancreatic cancer is significantly related to poor outcomes. Furthermore, HuR plays important role in post-transcriptional regulation of these molecules: HuR protein binds with IAP1, IAP2 and after HuR silencing, IAP1 protein and mRNA expression is downregulated and IAP2 is upregulated. These results demonstrate, that HuR regulates expression of IAP1 and IAP2 in pancreatic cancer cells and that IAP1 may be an important factor facilitating carcinogenic properties of HuR.

INTRODUCTION
============

With the aging of humanity there have been growing cases of pancreatic ductal adenocarcinoma (PDAC)\[[@B1]\]. The results of treatment of this cancer, however, remain one of the worst\[[@B2]\]. The pancreatic cancer is characterized by its aggressive course, biodiversity, strong chemoresistancy and often is diagnosed late, leading to poor outcomes\[[@B2]\]. With improving biotechnology sciences, there have been evolving faster and more efficient assessment of the individual patient's tumor cytoprotective and oncogenic mechanisms\[[@B3]\].

Inhibitor of apoptosis proteins (IAPs) are the protein's family characterized by the presence of one or more baculoviral IAP repeats (BIRs)\[[@B4]\]. The human genome contains eight IAP-encoding genes: neuronal apoptosis inhibitory protein (BIRC1), cellular IAP1 (cIAP1, BIRC2), cellular IAP2 (cIAP2, BIRC3), X chromosome-linked IAP (XIAP, BIRC4), survivin (BIRC5), apollon (BIRC6), melanoma IAP (BIRC7) and IAP-like protein 2 (BIRC8)\[[@B5]\]. IAPs are involved in various cellular functions, including regulation of apoptosis, cell cycle, and intracellular signal transduction\[[@B6]\]. Several IAP family members such as IAP1 and IAP2 function predominantly in regulating apoptosis and they can prevent apoptosis through various mechanisms, including caspase inhibition or participation in survival signaling pathways\[[@B7]\]. Furthermore, IAPs have altered activity in numerous cancer types (lympholeukemia, hepatic, esophageal, ovarian, pancreatic cancer)\[[@B8]\]. Overexpression of IAP in tumor cells inhibits cell death induced by a variety of apoptotic stimuli and induces resistance to chemotherapy\[[@B9]\]. Elevated IAPs expression is associated with poor response to a treatment, a worse overall survival and more aggressive course in the PDAC, however, underlying mechanisms are still unknown\[[@B10],[@B11]\].

Normally, post- transcriptional regulation plays a critical role in the process of cell proliferation and apoptosis, but in cancer cells, this control might be impaired by changes in the expression of RNA binding proteins\[[@B12]\]. A key regulator of post-transcriptional gene regulation is human antigen R (HuR or ELAVL1), the member of embryonic lethal, abnormal vision in drosophila-like (ELAVL) family\[[@B13]\]. Mechanistically, HuR regulates mRNA cargos that typically contain U- or AU-rich sequences in the 3'-untranslated region (UTR)\[[@B14]\]. Increasing evidence support HuR as the first RNA- binding protein shown to play a critical role in both carcinogenesis and cancer progression by functioning as either an oncogene or a tumor suppressor that regulates the expression of various target genes\[[@B15]\]. Consequently, elevated HuR levels have been linked to both increased PDAC cell survival and poor clinico-pathologic features by supporting an antiapoptotic and pro-survival gene-expression network\[[@B16]\]. Additionally, a deregulated HuR pathway may be relevant to cancer biology and may possibly promote the abnormal expression of several proteins\[[@B17]\]. Recent research has shown that hyper-expression of HuR increases the stability of XIAP mRNA and determines the increased resistance and vitality of tumor cells\[[@B18],[@B19]\]. Furthermore, cytoplasmic expression of HuR was associated with IAP2 expression in oral squamous cell carcinoma cells\[[@B20]\].

However, little is known about the role of ARE-binding protein HuR in the regulation of IAP1 and IAP2 expression and/or function in pancreatic cancer cells. Therefore, the aim of our study was to assess the relevance of the IAP1 and IAP2 regulation by mRNA stabilizing protein HuR signaling pathway in PDAC.

MATERIALS AND METHODS
=====================

Human pancreatic cancer tissues and data collection
---------------------------------------------------

Pancreatic carcinoma tissues were obtained from 61 patients undergoing a partial pancreatodeduodenectomy (Whipple resection) between 2011 - 2016 in the Department of Surgery at the Hospital of the Lithuanian University of Health Sciences. None of the patients received neo-adjuvant chemotherapy. All samples of pancreatic carcinoma were located in the head of the pancreas. The diagnosis of PDAC was confirmed by pathology. Normal pancreatic tissue samples were obtained through an organ donor program from 9 individuals who were free of pancreatic cancer. All normal tissue samples were obtained from the head of the pancreas to ensure comparability with the tumor samples. For qRT-PCR analysis freshly removed tissue samples were placed in RNALater (Ambion; Huntingdon, United Kingdom), whereas tissues for protein extraction were snap frozen in liquid nitrogen in the operating room upon surgical removal and maintained at -80 °C until use. Clinical data and histopathogical features from the same patient group were analyzed. The last follow up of patients' survival was performed in August, 2017. Ethical approval was issued by the Ethics Committee of the Lithuanian University of Health Sciences (No. BE-2-10). Consent for the use of surgical tissue specimens and clinical data for research purposes was obtained from all the patients or their representatives.

Immunohistochemistry
--------------------

The antibodies against HuR 1:300 \[mouse monoclonal (Invitrogen)\] and IAP1, IAP2 1:100 \[rabbit monoclonal (Abcam)\] were used for immunohistological analysis of tissues from healthy donors (*n* = 5) and PDAC patients (*n* = 20). Standard staining protocols were used. Paraffin-embedded tumor's section was dewaxed with xylene and rehydrated by using alcohol solutions at different concentrations. Endogenous peroxidase activity was quenched with 0.3% hydrogen peroxide in methanol. To block the nonspecific binding, slides were treated with non-immune normal rabbit/mouse serum (Dako) for 1 h. All primary antibodies were incubated on slides for 24 h at 4 °C. After washing in TBST, slides were incubated in goat anti-rabbit, horseradish peroxidase conjugated secondary antibody (1:1000; Thermo Scientific). Immunohistochemistry was developed using the DAKO Envision+ system (Dako) and counterstained with hematoxylin.

Western blot analysis
---------------------

Whole cells were lysed using the RIPA lysis buffer with protease inhibitors (Roche) and centrifuged at 10000 × g for 10 min. The supernatants were assayed for protein concentration with a BCA protein assay kit (Thermo Scientific). Protein samples were heated at 97 °C for 5 min before loading and 50 μg of the samples were subjected to 4%-12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and transferred to poly-vinylidene fluoride (PVDF) membranes for 50 min at 20 V. The membranes were blocked with a blocking buffer (Invitrogen) for 30 min at room temperature and incubated overnight at 4 °C with primary antibodies. The following primary antibodies were used: 1:1000 mouse monoclonal anti-HuR from Abcam (ab186430), 1:5000 rabbit monoclonal anti-IAP1 from Abcam (ab108361), 1:1000 rabbit monoclonal anti-IAP2 from Abcam (ab32059), and 1:10000 mouse monoclonal anti-GAPDH from Ambion (AM4300). The membranes were washed and incubated with the appropriate peroxidase-conjugated secondary antibody (Invitrogen; anti-mouse or anti-rabbit) for 30 min, washed and incubated with a chemiluminescence substrate/detection kit (Invitrogen). Results were analyzed with an automated documenting system (Biorad).

RNA extraction and reverse transcription PCR
--------------------------------------------

Total RNA extraction was performed from tissues and using PureLink RNA easy kit (Ambion) and TRI reagents (Zymo), according to the manufacturer's protocol without DNA'se treatment. Purified RNA was quantified and assessed for purity by UV spectrophotometry (NanoDrop). Complementary DNA (cDNA) was generated from 2 μg of RNA with High Capacity RNA-to-cDNA Kit (Applied Biosystems). The amplification of specific RNA was performed in a 20 μL reaction mixture containing 2 μL of cDNA template, 1 × PCR master mix and the primers. The PCR primers used for detection of HuR, IAP1 and IAP2 were from Invitrogen: HuR: FW GTGAACTACGTGACCGCGAA; REV GACTGGAGCCTCAAGCCG; IAP1 (BIRC2): FW CGGCTAACGCTGGTCCTCG; REV AAATATCGCCGCCACCGAAA; IAP2 (BIRC3): FW TAAAAGGAAAGCACCAGTGCACAT; REV ATAACTCTTGGCAACCGAATCAAA.

Quantitative reverse transcription-PCR (qRT-PCR) analysis was performed using ABI 7500 fast Real-Time PCR system (Applied Biosystem). For normalization, GAPDH housekeeping gene was used. Relative quantification was performed using the 2^-\ ∆∆Ct^ method.

Cell lines and growing conditions
---------------------------------

Human pancreatic cancer cell line PANC-1 was obtained from ATCC and used for the analysis. Cells were grown in monolayers in sterile 25-cm^2^ capacity flask with 5-Ml RPMI-1640 medium (Gibco/Invitrogen) supplemented with 10% FBS (Gibco/Invitrogen) and 1% penicillin / streptomycin solution (Gibco/Invitrogen). Standard cells growing conditions were used -37 °C temperature, 5% CO~2~ - 95% air atmosphere, humidity. PANC-1 was cultured from a 56-year-old Caucasian male with an adenocarcinoma in the head of the pancreas, which invaded the duodenal wall. Metastases in one peripancreatic lymph node were discovered during a pancreaticoduodenectomy.

RNA immunoprecipitation
-----------------------

RNA immunoprecipitation experiments were performed with PANC-1 cells (10 × 10^6^ cells/ flask) using anti-HuR antibodies according to the protocol provided with the kit (Merck, Millipore; catalog 17-701). Purified RNA was quantified and assessed for purity by UV spectrophotometry (NanoDrop). cDNA was generated with a High Capacity RNA-to-cDNA Kit (Applied Biosystems). Real-time polymerase chain reaction (qRT-PCR) was performed as described above with 9 μL of cDNA template per reaction to determine relative expression of IAP1, IAP2.

Transfection
------------

HuR siRNA were purchased from Ambion (United States). siHuR sequences: Sense: UUAUCCGGUUUGACAtt; Antisense sequence: UGUCAAACCGGAUAAACGCaa.

Transfection was performed when cell cultures had reached 70%-80% confluence in 6-well plates. Lipofectamine RNAiMax (Gibco/Invitrogen) was used according to the manufacturer's instructions for all transfections with OptiMem medium (Gibco/ Invitrogen). All experiments included two groups of control cells: untreated control and a control treated with the siRNA negative control. Transfection efficiency was assessed using Block-iT Alexa Fluor Red reagents (Invitrogen). Silencing efficiency was evaluated by Western blot analysis. Transfection of HuR siRNA was performed for 72 h. All assays were performed after 72 h of transfection (RT-PCR, Western Blot).

Statistical analysis
--------------------

Statistical review of the study was performed by a biomedical statistician. SPSS 23.0 software (SPSS Company, Chicago, IL, United States) was used. The data are presented as means ± SE and median. As the hypothesis of normal distribution of data was rejected by the Shapiro-Wilks test, nonparametric statistical tests were used. The Mann-Whitney test was used for comparison of mRNA expression levels between groups. The correlations among HuR, IAP1and IAP2 were evaluated by the Spearman's rank correlation coefficient. Additionally, their respective correlations with clinico-pathological parameters were investigated using a chi-square test or Fisher's exact test. Survival rates were summarized using the Kaplan-Meier method and the log-rank test was performed to compare differences in survival between groups. For the survival analysis, patients were stratified into groups according to the mRNA expression of IAP1 and IAP2. The low group represents the lower expression then the mean value, and high represents higher values. Cox proportional hazard model was applied to identify prognostic factors that were independently associated with survival. A log-rank test was used. Statistical significance was defined as *P* \< 0.05 (two-tailed *P* value).

RESULTS
=======

Characteristics of the patients
-------------------------------

The median patients' age was 68 (range 44-87). The male/female ratio was 0.74. Pathological evaluation revealed that majority of patients had T3 stage (90.2%) and moderate cell differentiation G2 (57.4%) tumors. Regional metastatic lymph-nodes (N1) and lymphatic invasion (L1) were detected in 82.0% of cases. Additionally, microvascular invasion (V1) was detected in 80.3% and perineural invasion in 85.2% of cases. The median patients' follow-up time was 37.8 mo and the median survival was 23.1 mo. All descriptive data of the studied group are summarized in Table [1](#T1){ref-type="table"}.

###### 

Characteristics of the patients after pancreatoduodenectomy for pancreatic cancer *n* (%)

  **Variable**             **No. of cases (*n* = 61)**
  ------------------------ -----------------------------
  Gender                   
  Male                     26 (42.6)
  Female                   35 (57.4)
  Age, yr (median)         68
  T stage                  
  T1                       3 (4.9)
  T2                       3 (4.9)
  T3                       55 (90.2)
  T4                       0 (0)
  N status                 
  N0                       11 (18.0)
  N1                       50 (82.0)
  Lymphatic invasion       
  L0                       11 (18.0)
  L1                       50 (82.0)
  Microvascular invasion   
  V0                       12 (19.7)
  V1                       49 (80.3)
  Perineural invasion      
  No                       9 (14.8)
  Yes                      52 (85.2)
  Differentiation grade    
  G1                       9 (14.8)
  G2                       35 (57.4)
  G3                       16 (26.2)
  G4                       1 (1.6)
  Resection status         
  R0                       56 (91.8)
  R1                       5 (8.2)
  Median survival (mo)     23.10

IAP1, IAP2 is upregulated in human PDAC tissue
----------------------------------------------

The RT-PCR analysis (Figure [1A](#F1){ref-type="fig"}) revealed that IAP1, IAP2 mRNA expression were accordingly 5.5-fold and 8.4 higher in the PDAC when compared to normal pancreatic tissue (*P* \< 0.05). Western blot analysis also confirmed higher protein levels of IAP1 and IAP2 in the pancreatic cancer tissues, when compared to the normal pancreas (Figure [1B](#F1){ref-type="fig"}).

![Pancreatic cancer specimens displayed increased Inhibitors of apoptosis proteins expression analysis in cancer tissues. mRNA and protein expression of inhibitors of apoptosis proteins in normal tissues (*n* = 9) and pancreatic cancer (*n* = 61) were evaluated by A: quantitative reverse transcription polymerase chain reaction; and B: western blot analysis. IAP1: Inhibitor of apoptosis protein 1; IAP2: Inhibitor of apoptosis protein 2; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.](WJG-25-205-g001){#F1}

However, due to lack of specificity of IAP1 and IAP2 antibodies to non-specific binding, there were inconclusive expression of IAP1 and IAP2 on immunohistological examination. Similar data is reported in the Human Protein Atlas\[[@B21]\] database: approximately half of the pancreatic tissue samples are reported to have low or undetectable levels of IAP1 and all the samples negative for IAP2 on immunohistological examination.

High expression of IAP1 is a significant predictive marker of worse outcome
---------------------------------------------------------------------------

We analyzed the correlation among expression of IAP1, IAP2 and histopathological variables. IAP1 mRNA expression was correlated with lymphatic (*P* \< 0.05) and perineural invasion (*P* \< 0.05). However, no significant association was observed between IAP2 expression and histopathological features of the tumor. Additionally, univariate analysis was performed on different histopathological factors that might have influenced survival (Table [2](#T2){ref-type="table"}). Tumor resection status, T stage, lymph-node metastases, tumor differentiation grade, perineural and lymphatic invasion were assessed as significant factors (*P* \< 0.05) (Table [2](#T2){ref-type="table"}) along with mRNA IAP1 expression. In multivariate analysis, IAP1 expression \[hazard ratio (HR) = 5.51, 95%CI: 1.95-15.59, *P* = 0.001\], tumor differentiation (HR = 2.73, 95%CI: 1.17-6.37, *P* = 0.02) and resection status (HR = 2.87, 95%CI: 1.31-6.29, *P* = 0.008) were revealed as the independent factors that had the negative impact on survival of PDAC patients (Table [3](#T3){ref-type="table"}). Survival analysis revealed that patients with lower IAP1 expression were doing better in tested cohort group (Figure [2A](#F2){ref-type="fig"}). The median survival of patients with low expression of IAP1 was 29.1 mo while with high expression of IAP1 was 16.6 mo (*P* = 0.022, Log-rank test) (Figure [2A](#F2){ref-type="fig"}). However, there was no difference in survival of patients having either high or low IAP2 mRNA expression (Figure [2B](#F2){ref-type="fig"}).

###### 

Univariate analysis of histopathological features (log-rank)

  **Variable**                              ***P* value**
  --------------------------- ------------- ---------------
  Resection status            R0/R1-R2      0.005
  T stage                     T1-T2/T3-T4   0.146
  Lymph-nodes                 N0/N1         0.046
  Tumor differentiation       G1-G2/G3-G4   0.027
  Perineural invasion         Yes/No        0.010
  Micro-vessel infiltration   Yes/No        0.073
  Lymphatic invasion          Yes/No        0.039
  IAP1 expression             High/low      0.022
  IAP2 expression             High/low      0.624

IAP1: Inhibitor of apoptosis protein 1; IAP2: Inhibitor of apoptosis protein 2.

###### 

Multivariate analysis for overall survival

  **Variables**                        **Overall Survival**                
  ------------------------------------ ---------------------- ------------ -------
  Tumor differentiation, G1-G2/G3-G4   2.73                   1.17-6.37    0.02
  Resection status, R0/R1-R2           2.87                   1.31-6.29    0.008
  IAP1 expression, high/low            5.51                   1.95-15.59   0.001

CI: Confidence interval; HR: Hazard ratio; IAP1: Inhibitor of apoptosis protein 1.

![Survival analysis. A: The survival time of patients with the low expression of inhibitor of apoptosis protein 1 tended to be longer than those with high expression (*P* \< 0.05). B: There was no difference of survival among high and low inhibitor of apoptosis protein 2 (IAP2) mRNA expression. IAP1: Inhibitor of apoptosis protein 1; IAP2: Inhibitor of apoptosis protein 2.](WJG-25-205-g002){#F2}

HuR expression and correlation with IAP1 and IAP2
-------------------------------------------------

The RT-PCR analysis (Figure [3](#F3){ref-type="fig"}) revealed that HuR expression was higher in the PDAC when compared to normal pancreatic tissue (*P* \< 0.05) (Figure [3A](#F3){ref-type="fig"}), along with upregulated protein levels of HuR in PDAC (Figure [3B](#F3){ref-type="fig"}). Immunohistological analysis revealed that HuR protein was highly expressed in donor pancreas acinar and islets cell's nucleus and less in cytoplasm, but was not detectable in ductal epithelium cells. In the tissue of PDAC HuR was positive in the stromal nuclei, but not in the cytoplasm. HuR was mainly positive in the ductal cancer cell's nucleus and less in cytoplasm (Figure [3C](#F3){ref-type="fig"}). Interestingly, mRNA expression of IAP1 was strongly positively correlated with HuR expression (*P* \< 0.05, *r* = 0.783), but only the weak correlation with IAP2 was noticed (*P* \< 0.05, *r* = 0.155) (Figure [3D](#F3){ref-type="fig"}). This is why further studies was conducted to reveal functional relation of HuR and IAPs.

![Pancreatic cancer specimens displayed increased human antigen R expression analysis in cancer tissues. mRNA and protein expression of human antigen R (HuR) were upregulated by A: quantitative reverse transcription polymerase chain reaction; and B: western blot analysis. C: Immunohistochemistry showed that HuR was mainly positive in the ductal cancer cell's nucleus and less in cytoplasm. D: Expressions of inhibitors of apoptosis proteins were correlated with HuR expression. IAP1: Inhibitor of apoptosis protein 1; IAP2: Inhibitor of apoptosis protein 2; HuR: Human antigen R; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; PDAC: Pancreatic ductal adenocarcinoma.](WJG-25-205-g003){#F3}

HuR protein binds to IAP1 and IAP2 mRNA in pancreatic cancer cells
------------------------------------------------------------------

The RNA-immunoprecipitation analysis confirmed that HuR protein binds to IAP1 and IAP2 mRNA transcripts in extracts taken from untreated PANC1 cells, thus showing that HuR is directly involved in IAP1 and IAP2 regulation mechanisms. The Western blot analysis showed HuR and GAPDH protein levels in whole cells lysates. Magnetic beads with anti-HuR antibody and protein precipitates showed clear HuR signals, while GAPDH was undetectable. Magnetic beads with anti-IgG were used as negative controls for immunoprecipitation; thus, both HuR and GAPDH were undetectable (Figure [4](#F4){ref-type="fig"}). Total RNA bound to the precipitated HuR proteins obtained from the PANC-1 cells was isolated using the phenol-extraction method and analyzed by qRT-PCR using IAP1 and IAP2 primers. qRT-PCR revealed strong IAP1 and IAP2 mRNA expression (Ct 27.7 and Ct 30.2).

![Human antigen R protein binds to inhibitors of apoptosis proteins mRNA in pancreatic cancer cells. Human antigen R (HuR) and Glyceraldehyde-3-phosphate dehydrogenase protein levels in whole cell lysates (input), magnetic beads with anti-HuR antibody and protein precipitates (HuR), and magnetic beads with anti-IgG and protein precipitates (IgG). HuR: Human antigen R; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.](WJG-25-205-g004){#F4}

HuR silencing is associated with IAP1 and IAP2 mRNA and protein expression regulation in pancreatic cancer cells
----------------------------------------------------------------------------------------------------------------

To demonstrate that HuR silencing has an effect on IAP1 and IAP2 mRNA expression, pancreatic cancer cell lines were transfected with anti-HuR siRNA's. QRT-PCR and Western blot analysis revealed the decreased expression of HuR protein and mRNA in PANC-1 cell line after transfection. Moreover, expression of IAP1 protein and mRNA was decreased too, but IAP2 expression was increased (Figure [5](#F5){ref-type="fig"}).

![Human antigen R silencing is associated with inhibitors of apoptosis proteins mRNA and protein expression regulation in pancreatic cancer cells. Human antigen R (HuR) silencing decreased inhibitor of apoptosis protein 1 (IAP1) and increased inhibitors of apoptosis protein 2 (IAP2) mRNA expression (A) and decreased IAP1 and increased IAP2 protein expression (B). IAP1: Inhibitor of apoptosis protein 1; IAP2: Inhibitor of apoptosis protein 2; HuR: Human antigen R; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.](WJG-25-205-g005){#F5}

DISCUSSION
==========

Despite the discovery of multiple genomic alterations that give rise to PDAC, attempts to exploit these lesions for either early detection or treatment have so far been unsuccessful in the clinical setting\[[@B13]\].

There is a growing body of evidence that anti-apoptotic molecules IAP1, IAP2 are involved in the pathogenesis of various human malignancies, including pancreatic cancer\[[@B11],[@B22],[@B23]\]. However, IAP1 and IAP2 function in sustaining tumor growth and preventing apoptosis, remains unclear.

In this study, we analyzed the possible role of the HuR mediated post-transcriptional regulation of the IAP1 and IAP2 in the cohort of patients with typical PDAC and in PANC-1 cancer cell line *in vitro*. RNA-immunoprecipitation analysis in PANC-1 cell line confirmed that HuR protein binds with IAP1 and IAP2 mRNA and thus, plays an important role in post-transcriptional regulation of these molecules. Moreover, we supposed that the upregulation of these anti-apoptotic molecules IAP1 and IAP2 is mediated by the mRNA binding protein HuR. After HuR silencing expression of IAP1 protein and mRNA was down-regulated as expected. Surprisingly, IAP2 acted differently, when HuR is silenced, IAP2 mRNA and proteins levels were upregulated. These finding contradict in part with the study of Cha et al\[[@B20]\], where oral cancer cells were transfected with HuR siRNA, HuR and IAP2 expression were reduced. However, it might be due to different tumor's features. On other hand, it is well established that mRNA stabilizing proteins could exert opposite effects for different target molecules\[[@B23]\] and could act by functioning as either an oncogene or a tumor suppressor\[[@B15]\], that might have happened with HuR and IAP2 regulation. However, as the mechanism underlying HuR and IAP2 mediated carcinogenesis is still unclear, more studies should be done in the future.

It is already known that IAPs are abnormally expressed in pancreatic cancer and their levels correlate with resistance to chemotherapy\[[@B11],[@B24]\], that we were also able to confirm in our study. IAP1 and IAP2 mRNA levels were 5.5-fold and 8.4 higher in the PDAC when compared to normal pancreatic tissue, as well as protein levels were demonstrated to be induced in pancreatic cancer. Esposito et al. suggests that over-expression of IAP2 shows an early event in the progression of pancreatic cancer and it might contribute to the deregulation of the apoptotic signals that potentially influences patients' survival\[[@B25]\]. Zender et al\[[@B26]\] have demonstrated that importance of genetic amplification of IAP1 can both promote tumorigenesis and sustain tumor growth in a mouse model of liver cancer. That may confirm our findings, where upregulation of IAP1 in PDAC patients was significantly related to poor outcome. Furthermore, IAP1 mRNA expression showed correlation with lymphatic and perineural invasion. Ponnelle et al\[[@B22]\] found a significant association between nuclear expression of IAP2 and a strong lymphoid stromal reaction. This reaction could indicate an important immune response towards tumor cells that try to escape cytotoxic cells by an ineffective upregulation of anti-apoptotic IAP family members. Nevertheless, this hypothesis cannot be clarified as long as the nuclear function of these IAPs remains unknown\[[@B22]\]. Esposito et al\[[@B25]\] suggest that a subcellular localization of IAP1 and IAP2 is required to exert their anti- apoptotic functions and is important synergistic effect of these two proteins in the inhibition of apoptosis in pancreatic cancer, which potentially influences patients' survival. However, our immunohistological analysis of IAP1 and IAP2 was unsuccessful. The aberrant expression of IAP1 and IAP2 protein were noticed in most of pancreatic donor and cancer tissue samples. Many authors report the same problem with these proteins, speculating it can be due to lack of specificity of IAP1 and IAP2 antibodies or non-specific binding. This could reflect the phenomenon that has already been described by several studies that IAP1 is a nuclear protein and it translocate to the cytosol in response to various apoptotic signals thereby regulating caspases and exerting most of its antiapoptotic functions\[[@B7],[@B25]\]. The co-expression of IAP1 and IAP2 in the cytoplasm of the cancer cells has been reported as an important synergistic effect of these two proteins in the inhibition of apoptosis in pancreatic cancer, which potentially influences patients' survival\[[@B27]\].

In this respect, it is interesting to note that HuR was proposed to orchestrate an antiapoptotic cellular program by several authors\[[@B18],[@B23],[@B28]\]. Indeed, numerous reports have established a link between elevated levels of HuR and several tumors including pancreatic cancer, indicating that dysregulation of mRNA stability might be involved in the malignant phenotype of these tumors\[[@B13],[@B16],[@B17],[@B29],[@B30]\]. For the most part HuR enhances expression of the antiapoptotic molecules and represses expression of the proapoptotic molecules\[[@B18]\]. Recent findings established that HuR is a critical regulator of pancreatic cancer cell metabolism and survival\[[@B16]\]. This study extends our previous work showing that epigenetic regulation of iRNA stabilizing proteins HuR is very important for heme oxygenase-1 (HO-1) / cyclooxygenase-2 (COX-2) cytoprotective mechanisms\[[@B16],[@B31]\]. Based on our findings and possible HuR regulation mechanisms, we have constructed a scheme (Figure [6](#F6){ref-type="fig"}), that may explain the role of HuR and IAPs in pancreatic cancer. HuR can bind to IAPs and HO-1 and stabilize them, leading to an increased cell growth. However, when HuR is silenced, IAP2 overexpression is altered that could be modulated by HO-1 and a production of the COX-2 metabolites: prostaglandin E2 (PGE~2~) and carbon monoxide (CO). Additionally, the inhibitors IAPs inhibit caspase activation and/or activity.

![Human antigen R is an important regulator of pancreatic cancer cell growth and survival. Human antigen R (HuR) can function through the regulation of the stability or translation of target mRNAs that encode multiple cancer-related proteins as inhibitors of apoptosis proteins (IAPs), heme oxygenase-1 (HO-1), cyclooxygenase-2 (COX-2). HuR can bind to IAPs and HO-1 and stabilize them, leading to an increased cell growth. However, when HuR is silenced, IAP2 overexpression is altered that could be modulated by HO-1 and a production of the COX-2 metabolites: prostaglandin E2 and carbon monoxide. Additionally, IAPs inhibit caspase activation and/or activity. IAPs: Inhibitors of apoptosis proteins; HuR: Human antigen R; HO-1: Heme oxygenase-1; COX-2: Cyclooxygenase-2; PGE~2~: Prostaglandin E2; CO: Carbon monoxide.](WJG-25-205-g006){#F6}

In our study, HuR at mRNA and protein levels were upregulated in the PDAC. Our immunohistological analysis revealed that HuR protein was mainly positive in the ductal cancer cell's nucleus and less in cytoplasm. It is already well established that HuR translocation from the nucleus to the cytoplasm in response to various stress stimuli (chemotherapy, hypoxia, oxidative stress, heat shock, nutrient deprivation) is associated with carcinogenesis and poor clinical outcomes in various cancers\[[@B13],[@B15],[@B16],[@B32]\]. Furthermore, cytoplasmic HuR expression was demonstrated to induce and increase in IAP2 expression in oral squamous cell carcinoma (OSCC) by Cha et al\[[@B20]\]. However, there were inconclusive expression of IAP1 and IAP2 on immunohistological examination, as similar data is reported in the Human Protein Atlas\[[@B21]\] database.

In our presented study, we were able to distinguish that IAP1 and IAP2 are direct targets of HuR. It has therefore been suggested that IAP1 and IAP2 might regulate apoptosis indirectly, by influencing signaling pathways elicited by the Tumor necrosis factor (TNF) receptor superfamily\[[@B27],[@B33]\]. Cells in which IAP1 was deleted, became sensitive to apoptosis induced by exogenous TNFa, suggesting novel uses of these compounds in treating cancer\[[@B27]\].

In conclusion, new fundamental knowledge about the direct interaction of RNA stabilizing protein HuR and IAPs was achieved. The results suggest that HuR regulates the expression of IAP1 and IAP2 in pancreatic cancer cells and that IAP1 may be one of the important factors that facilitate the carcinogenic properties of HuR. Moreover, upregulation of IAP1 in pancreatic cancer is significantly related with poor outcome. However, more data is needed to analyze the mechanism of response to chemotherapy treatment in the pancreatic cancer cell lines and in vitro underlying HuR and IAPs interaction.

Limitations of the study
------------------------

Even though, as a part of retrospective analysis of patient's data we were able to collect over 5 year's survival rates, relatively small number of patients could act as a limitation of a study. Furthermore, it would be useful to investigate and compare the expression of HuR, IAP1 and IAP2 in PDA tissue obtained both from gemcitabine (GEM) treated and non-treated patients in order to fully understand the underlying mechanism and the role of HuR mediated post-transcriptional regulation for the exceptional resistance of pancreatic cancer to the conventional treatment. However, it is not routine practice to give neoadjuvant chemotherapy with GEM (or any other chemotherapeutic drug) prior to pancreatoduodenal resection in our hospital. Therefore, it is not possible to obtain pancreatic cancer tissue samples after GEM treatment for research purposes in our institution. Other weaknesses of the study would be unsuccessful immunohistochemistry of IAP1 and IAP2 and that the cell's transfection experiment was done only in 1 pancreatic cancer cell line and further investigation must be carried out.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Inhibitors of apoptosis proteins (IAPs) are involved in regulating mitosis and inhibiting cells from undergoing apoptosis. They have altered activity in numerous cancer types including pancreatic ductal adenocarcinoma (PDAC) and are implicated in progression of the disease, resistance to chemotherapy, worse outcome and prognosis. Recent research has shown that hyper-expression of mRNA stabilizing protein human antigen R (HuR) increases the stability of IAPs mRNA and determines the increased resistance and vitality of tumor cells. However, epigenetic regulation of IAP and its mechanisms to apoptotic potential and proliferation in pancreatic cancer cells is still unclear. Therefore, we conducted the study to determine the association of HuR mediated regulation and IAP1, IAP2 expression with clinicopathological parameters and prognosis of PDAC. In our study, we report new fundamental knowledge about the direct interaction of RNA stabilizing protein HuR and IAPs. Our results suggest that upregulation of IAP1 in pancreatic cancer is significantly related with poor outcomes. Furthermore, HuR plays important role in post-transcriptional regulation of these molecules: HuR protein binds with IAP1 and IAP2 mRNA and after HuR silencing, expression of IAP1 protein and mRNA is downregulated and IAP2 is upregulated. These results demonstrate for the first time that HuR regulates expression of IAP1 and IAP2 in pancreatic cancer cells and that IAP1 may be an important factor that facilitates carcinogenic properties of HuR.

Research motivation
-------------------

The idea of the study was to investigate the significance of tumor apoptosis inhibition to prognosis of the disease analyzing interactions between IAPs and HuR and to determine the regulation within pancreatic cancer cells in epigenetic level. These findings lead to a better opportunity to predict the course of disease by choosing more individualized treatment with a specific biological therapy. The identification and analysis of these mechanisms will allow us to better understand the value of tumor's factors changes in regulation of apoptotic potential in pancreatic cancer.

Research objectives
-------------------

The main objective of our study was to investigate the importance of dysregulation of pancreatic cancer 's apoptotic potential IAPs to the prognosis of the disease. The major driving force of this study was that there is little known about the role of ARE-binding protein HuR in the regulation of IAPs expression and function in pancreatic cancer cells. Therefore, the aim of our study was to assess the relevance of the IAP1 and IAP2 regulation by mRNA stabilizing protein HuR signaling pathway in pancreatic cancer. The identification and analysis of these mechanisms will allow us to better understand the value of tumor's factors changes in regulation of apoptotic potential in pancreatic cancer. Additionally, these investigated agents (IAPs and HuR) and their interaction could be useful for the future research as possible new therapeutic targets in the treatment of human pancreatic cancer.

Research methods
----------------

For this research project, we have conducted a study that included 61 patients undergoing a partial pancreatodeduodenectomy (Whipple resection) between 2011 - 2016 in the Department of Surgery at the Hospital of the Lithuanian University of Health Sciences for pancreatic cancer. The protein and mRNA expression levels of IAP1, IAP2 and HuR in PDAC were compared with normal pancreatic tissue and correlations with clinicopathological parameters and survival rates were analyzed. Furthermore, *in vitro* cells culture's experiments were performed to check possible epigenetic regulation.

Research results
----------------

Our results suggest that upregulation of IAP1 in pancreatic cancer is significantly related with poor patient's outcomes. Furthermore, HuR plays important role in post-transcriptional regulation of these molecules. To our knowledge these results demonstrate for the first time about the direct interaction of RNA stabilizing protein HuR and IAPs in pancreatic cancer cells and that IAP1 may be an important factor that facilitates carcinogenic properties of HuR. Even though, as a part of retrospective analysis of patient's data we were able to collect over 5 year's survival rates, relatively small number of patients could act as a limitation of a study. Furthermore, it would be useful to investigate and compare the expression of HuR, IAP1 and IAP2 in PDA tissue obtained both from gemcitabine (GEM) treated and non-treated patients in order to fully understand the underlying mechanism and the role of HuR mediated post-transcriptional regulation for the exceptional resistance of pancreatic cancer to the conventional treatment. Other problems of the study that should be solved in the future studies are unsuccessful immunohistochemistry of IAP1 and IAP2 and that the cell's transfection experiment should be done in more than 1 pancreatic cancer cell line.

Research conclusions
--------------------

In our presented study, we were able to distinguish that IAP1 and IAP2 are direct targets of HuR. New fundamental knowledge about the direct interaction of RNA stabilizing protein HuR and IAPs was achieved. The results suggest that HuR regulates the expression of IAP1 and IAP2 in pancreatic cancer cells and that IAP1 may be one of the important factors that facilitate the carcinogenic properties of HuR. Moreover, upregulation of IAP1 in pancreatic cancer is significantly related with poor outcome. Additionally, these investigated agents (IAPs and HuR) and their interaction could be useful for the future research as possible new therapeutic targets in the treatment of human pancreatic cancer.

Research perspectives
---------------------

We have to acknowledge that this study showed the importance of dysregulation of pancreatic cancer apoptotic potential to the prognosis of the disease. However, further research is needed to analyze the mechanism of response to chemotherapy treatment in the pancreatic cancer cell lines and in vitro underlying HuR and IAPs interaction. Furthermore, it would be useful to investigate and compare the expression of HuR, IAP1 and IAP2 in PDAC tissue obtained both from GEM treated and non-treated patients and cell's transfection experiments in order to fully understand the underlying mechanism and the role of HuR mediated post-transcriptional regulation for the exceptional resistance of pancreatic cancer to the conventional treatment.
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